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(57) ABSTRACT 

An integrated chip has a clock signal input (1.1) for appli 
cation of a first clock signal (clk1) and a clock signal output 
(1.2-1.5). Moreover, it has a phase locked loop (2), which, 
on the input side, is connected to the clock signal input (1.1) 
and serves far generating a second clock signal (clk2). 
Furthermore, the chip has a multiplexer (MUX), via which 
the first clock signal (clk1) or the second clock signal (clk2) 
can optionally be switched to the clock signal output 
(1.2-1.5), and a unit for frequency monitoring (3), which, on 
the input side, is connected to the clock signal input (1.1) 
and is designed and can be operated in Such a way that, in 
the event of a limiting frequency (fmin) being undershot, the 
multiplexer (MUX) is caused to switch the first clock signal 
(clk1) to the clock signal output (1.2-1.5). 

16 Claims, 1 Drawing Sheet 
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1. 

INTEGRATED CLOCK SUPPLY CHIP FOR A 
MEMORY MODULE, MEMORY MODULE 
COMPRISING THE INTEGRATED CLOCK 

SUPPLY CHIP, AND METHOD FOR 
OPERATING THE MEMORY MODULE 

UNDER TEST CONDITIONS 

This application claims priority to German Patent Appli 
cation 103 30 593.9, which was filed Jul. 7, 2003 and is 
incorporated herein by reference. 

TECHNICAL FIELD 

The invention relates to an integrated clock Supply chip 
for a memory module, a memory module comprising the 
integrated clock Supply chip, and a method for operating the 
memory module under test conditions. 

BACKGROUND 

A memory module generally comprises a plurality of 
integrated memory chips soldered on a memory module 
circuit board. Moreover, further integrated chips, containing 
for example registers, buffers and a phase locked loop 
(PLL), may be arranged on the circuit board of the memory 
module. In order to be able to connect the memory module 
to a computing unit, the memory module circuit board has 
connections along one of its longitudinal sides. These con 
nections can then be used to plug the memory module as 
main memory, for example, into a PC receptacle provided 
therefor. The various embodiments of the memory modules 
are standardized in module families and available with 
different storage capacities. 

Single inline memory modules (SIMMs), for example, 
form one of the standardized embodiments. They have 72 
connections and are available either with a data width of 32 
bits for applications without a parity bit or with a data width 
of 36 bits for applications with a parity bit. So-called dual 
inline memory modules (DIMMs) represent a further stan 
dard in the module families of the memory modules and are 
a further development of the SIMM family. By comparison 
with the SIMM modules, in which the integrated memory 
chips are arranged only on one side of the circuit board, the 
integrated memory chips can be arranged on the front and 
rear sides of the circuit board in the case of the DIMM 
modules. DIMM modules have, for example, 168 connec 
tions or even more connections, half of them being arranged 
on the front side and the other half thereof being arranged on 
the rear side of the circuit board. The DIMM modules have 
the advantage of double the data width, inter alia, by 
comparison with SIMM modules. 

Buffered DIMM modules and also non-buffered DIMM 
modules are known. The buffered DIMM modules are 
equipped with a buffer which, by means of an integrated 
buffer chip, amplifies the address, command and clock 
signals which are used to drive the individual integrated 
memory chips on the DIMM module. As a result, it is 
possible to reduce unavoidable input capacitances. This is 
important primarily when the intention is to realize systems 
having many receptacles for DIMM modules, as is the case 
with servers, for example. So-called registered DIMM mod 
ules represent a further development of buffered DIMM 
modules. In the case of registered DIMM modules, the 
address and command signals are amplified by integrated 
register chips, while the clock signals are amplified by an 
integrated clock Supply chip containing a phase locked loop. 
The clock supply chip with the phase locked loop also 
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2 
simultaneously serves for driving the registers in order that 
the address and command signals to be accepted are stored 
in the registers in a correctly timed manner. 
Dynamic memories, also referred to as dynamic random 

access memory (DRAM), are generally used as integrated 
memory chips. 

Since the phase locked loop in the integrated chip oper 
ates only within a specific frequency range, for example 
around +/-30% above or below the typical operating fre 
quency of the PLL, the registered DIMM module cannot be 
operated or tested at a frequency which lies below the lower 
limiting frequency of the phase locked loop. 
A typical productive test program also encompasses, inter 

alia, the retention time, that is to say the time duration during 
which data are maintained in a dynamic memory chip 
(DRAM) without renewed refreshing. The detection of the 
retention time requires long test times, which are indepen 
dent of the operating frequency of the integrated memory 
chip. In principle, during tests it is desirable to test the 
memory chips on cost-effective test systems, but the latter 
can only provide low test frequencies. The consequence of 
this, however, is that the phase locked loop no longer 
operates properly. Therefore, the tests must necessarily be 
carried out with the aid of expensive test systems, which can 
provide the clock frequency required for operation of the 
PLL. The productive test is regularly effected during or at 
the end of the production of the DIMM modules in order to 
ascertain the functionality thereof and to determine their 
specification. 

In the event of analyzing registered DIMM modules for 
defects, for example in order to determine the cause of a 
failure of the module or its components in the event of a 
return from the customer, the defect analysis is carried out 
by means of a more cost-effective test system, which can 
therefore only provide low clock frequencies. In this case, 
for the defect analysis, the relevant integrated memory chips 
have to be unordered from the registered DIMM module and 
be individually tested. On the one hand, the desoldering 
operation is associated with a considerable expenditure of 
time. On the other hand, parameters within the memory chip 
may be attenuated again or even eliminated, inter alia, as a 
result of annealing, which makes the analysis more difficult 
or impossible. 

SUMMARY OF THE INVENTION 

In one aspect, the invention specifies an integrated clock 
Supply chip for a memory module, such that tests and/or 
defect analyses are also possible at low clock frequencies. In 
particular, the intention is to be able to test the retention 
time. In particular, the intention is to enable defect analyses 
for registered DIMM modules with a low outlay. 

Furthermore, a memory module of the preferred embodi 
ment can still readily be tested even at low clock frequencies 
without the individual memory chips having to be removed 
from the memory module. 

In addition, aspects of the invention specify a method for 
operating a memory module under test conditions, which 
enables the memory module also to be tested at low clock 
frequencies. 
The integrated clock Supply chip according to the pre 

ferred embodiments of the invention has a clock signal input 
for application of a first clock signal and a clock signal 
output. Moreover, it has a phase locked loop, which, on the 
input side, is coupled to the clock signal input and serves for 
generating a second clock signal. Furthermore, the clock 
Supply chip has a multiplexer, via which the first clock signal 
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or the second clock signal can optionally be switched to the 
clock signal output, and a unit for frequency monitoring, 
which, on the input side, is coupled to the clock signal input 
and is designed and can be operated in Such a way that, in 
the event of a limiting frequency being undershot, the 
multiplexer is caused to Switch the first clock signal to the 
clock signal output. 
The memory module according to the preferred embodi 

ments of the invention includes an integrated clock Supply 
chip having a clock signal input for application of a first 
clock signal and a clock signal output. Furthermore, the 
integrated clock Supply chip has a phase locked loop, which, 
on the input side, is coupled to the clock signal input and 
serves for generating a second clock signal. Moreover, a 
multiplexer is provided in the integrated clock Supply chip, 
via which multiplexer the first clock signal or the second 
clock signal can optionally be Switched to the clock signal 
output. Finally, the integrated clock Supply chip has a unit 
for frequency monitoring, which, on the input side, is 
coupled to the clock signal input and which is designed and 
can be operated in Such a way that, in the event of a limiting 
frequency being undershot, the multiplexer is caused to 
Switch the first clock signal to the clock signal output. The 
memory module additionally includes a memory chip, the 
clock input of which is coupled to the clock signal output. 
The preferred embodiment's method for operating a 

memory module under test conditions has the following 
features. A first clock signal having a defined, predetermined 
clock frequency is applied to the memory module. The clock 
frequency is monitored by means of a unit for monitoring the 
frequency and, if the clock frequency undershoots a lower 
limiting frequency, instead of a second clock signal gener 
ated by a phase locked loop of the memory module, the first 
clock signal is passed to the clock inputs of the memory 
chips of the memory module. 

In one embodiment of the invention, the integrated chip 
has an output driver connected downstream of the multi 
plexer. This has the advantage that the clock signal gener 
ated by the integrated clock supply chip is available with 
Sufficiently good quality even in the case of a relatively high 
load, caused by a plurality of memory chips connected to the 
integrated clock Supply chip. 

Preferably, the integrated clock supply chip is used for 
generating the clock signal for an integrated memory chip. 

In one development of the memory module according to 
the invention, the integrated clock Supply chip has an output 
driver connected downstream of the multiplexer. As a result, 
a plurality of memory chips present on the memory module 
can be supplied with a Sufficiently good clock signal. 

In a further embodiment, the memory module according 
to the invention has a dynamic memory as memory chip. 

In an additional development of the invention, the 
memory module is designed as a dual inline memory mod 
ule. 

In one development of the invention’s method for oper 
ating the memory module under test conditions, the memory 
chip on the memory module is tested after the clock signal 
having a desired, impressed frequency has been provided 
with the aid of the integrated clock supply chip. The clock 
signal is generated by the tester and amplified in the phase 
locked loop of the integrated clock Supply chip, and adapted 
in its phase in order to be fed, on the one hand, to the 
memory chips and, on the other hand, to the registers for 
defining the buffer-storage of address and command data. 
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4 
BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is explained in more detail below using a 
plurality of exemplary embodiments with reference to a 
figure. 
The FIGURE shows the basic construction of the inte 

grated chip according to the preferred embodiment of the 
invention and also the memory module in the form of a 
block diagram. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

The making and using of the presently preferred embodi 
ments are discussed in detail below. It should be appreciated, 
however, that the present invention provides many appli 
cable inventive concepts that can be embodied in a wide 
variety of specific contexts. The specific embodiments dis 
cussed are merely illustrative of specific ways to make and 
use the invention, and do not limit the scope of the invention. 
The FIGURE illustrates a memory module 10 that 

includes two memory chips 5 an 6. In addition to the 
integrated memory chips 5 and 6 embodied as DRAMs, the 
memory module 10 illustrated in the figure also includes an 
integrated circuit 1 for generating the clock signal clk 
required for the two memory chips 5 and 6. For this purpose, 
the integrated chip 1 has a clock signal input 1.1, at which 
a first clock signal clk1 is present. The first clock signal clk1 
is passed both to the input 2.1 of a phase locked loop 2 and 
to an input of a multiplexer MUX and to the input 3.1 of a 
unit for frequency monitoring 3. With the aid of the unit for 
frequency monitoring 3, the clock frequency f(clk1) of the 
clock signal clk1 present at the input 1.1 is determined and 
compared with a limiting frequency fmin. 

If the clock frequency f(clk1) is less than the limiting 
frequency fmin, the unit for frequency monitoring 3 gener 
ates at its output 3.2 a control signal center ctr, which causes 
the multiplexer MUX to switch through to the multiplexer 
output the clock signal clk1 present at one of its multiplexer 
inputs. If the clock frequency f(clk1) of the clock signal clk1 
is greater than the limiting frequency fmin, the unit for 
frequency monitoring 3 causes the multiplexer MUX to 
Switch to the multiplexer output the second clock signal 
clk2, which is generated by the phase locked loop 2 and is 
present at a further multiplexer input of the multiplexer 
MUX. As is shown in the figure, the output of the multi 
plexer MUX is coupled to the inputs of a plurality of output 
drivers 4.1-4.4. 

In the case of the exemplary embodiment illustrated in the 
figure, only the two output drivers 4.1 and 4.2 are used, the 
outputs 1.2 and 1.3 thereof, which simultaneously form the 
outputs of the integrated chip 1, being connected to the clock 
input 5.1 of the first memory chip 5 and the clock input 6.1 
of the second memory chip 6, respectively. With the aid of 
the output drivers 4.1 to 4.4, the clock signal—either clk1 or 
clk2-originating from the multiplexer output is amplified 
and it is ensured that it is available to the memory chips 5 
and 6 with sufficient quality. In another embodiment, the 
clock could be bussed so that one clock signal (e.g., from 
output 1.2 or 1.3) is coupled to more than one memory chip. 

In normal operation, with the aid of the phase locked loop 
2, the second clock signal clk2 is obtained from the first 
clock signal clk1, and is passed via the multiplexer MUX 
and the corresponding output drivers 4.1 to 4.4 to the clock 
inputs of the memory chips 5 and 6. 

During test operation, that is to say for the case where the 
clock frequency f(clk1) of the first clock signal clk1 is so 
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much less than the operating frequency of the phase locked 
loop 2 that the latter can no longer operate properly, the unit 
for frequency monitoring 3 causes the multiplexer MUX to 
switch the first clock signal clk1 through to the multiplexer 
output. This is the case if the clock frequency f(clk1) of the 
first clock signal clk1 is less than the limiting frequency 
fmin. The clock signal clk2 generated by the phase locked 
loop 2 is ignored in this way, that is to say that the phase 
locked loop 2 is switched into a bypass mode. The 
changeover to the bypass mode may be triggered by the 
integrated clock Supply chip itself as soon as a specific 
minimum frequency fmin is undershot at the clock input. 

If the clock frequency clk for operating a memory chip is 
clk=133 MHz, for example, then the phase locked loop 2 
generally operates properly in a frequency band of +/-30% 
above and below the clock frequency of 133 MHz. The 
limiting frequency fmin thus results therefrom as: 

fmin=0.7ficik1) 

It thus becomes possible to test the memory chips 5 and 
6 properly, even if the first clock frequency clk1 lies below 
the limiting frequency fmin required for proper operation of 
the phase locked loop 2. The determination or the testing of 
the retention time during the productive test can thus be 
carried out successfully even on a cost-effective test system 
which generally can only provide relatively lower clock 
frequencies. Moreover, it is also no longer necessary for 
memory chips that are to be examined for defect analysis 
after a failure to be unordered from the memory module in 
order thereby to be able to be tested on a cost-effective test 
system. Obviating the desoldering operation results in a 
significantly improved capability for analysis of the memory 
module and additionally a corresponding time saving. 

With the aid of the invention, there is no need for any 
modification to the memory module itself. The preferred 
embodiment therefore has the advantage over alternative 
Solutions that additional components, such as e.g., resistors, 
or a redesign of the memory module can be avoided. 
Consequently, neither additional costs nor possibly prob 
lems with regard to reliability arise. A further advantage is 
that the standards to which the memory modules are subject 
and which are mentioned in the introduction do not have to 
be modified. 

The previous description of the exemplary embodiments 
in accordance with the present invention serves only for 
illustrative purposes and not for the purpose of restricting 
the invention. Various changes and modifications are pos 
sible in the context of the invention without departing from 
the scope of the invention. 

Although the present invention and its advantages have 
been described in detail, it should be understood that various 
changes, Substitutions and alterations can be made herein 
without departing from the spirit and scope of the invention 
as defined by the appended claims. 
What is claimed is: 
1. An integrated circuit comprising: 
a clock signal input node for providing a first clock signal; 
a phase locked loop with an input coupled to the clock 

signal input node for receiving said first clock signals 
and for providing a second clock signal; 

a multiplexer having a first input, a second input, a select 
input and an output, the first input being coupled to an 
output of the phase locked loop for receiving said 
second clock signal, and the second input being 
coupled to the clock signal input node for receiving 
said first clock signal, said select input for receiving a 
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6 
control signal for Switching the output of said multi 
plexer between said first clock signal and said second 
clock signal; and 

a frequency monitor having an input coupled to the clock 
signal input node for comparing the frequency of said 
first clock signal to a selected limiting frequency and a 
monitor output coupled to said select input of the 
multiplexer, said monitor output providing said control 
signal to Switch said multiplexer output to said first 
clock signal if the frequency of said first clock signal is 
less than said selected limiting frequency and to Switch 
said multiplexer output to said second clock signal if 
the frequency of said first clock signal is greater than 
said selected limiting frequency. 

2. The circuit of claim 1 and further comprising an output 
driver coupled to an output of the multiplexer. 

3. The integrated circuit of claim 1 in combination with a 
memory chip, wherein the integrated circuit and the memory 
chip are mounted on a board, and wherein an output of the 
multiplexer is coupled to a clock input of the memory chip. 

4. The integrated circuit and memory chip combination of 
claim 3, wherein the memory chip comprises a dynamic 
random access memory chip. 

5. The integrated circuit and memory chip combination of 
claim 4, wherein the memory chip and the integrated circuit 
are part of a dual inline memory module. 

6. The integrated circuit and memory chip combination of 
claim 3, further comprising a second memory chip disposed 
on the circuit board, the second memory chip having a clock 
input that is coupled to receive a clock signal from the 
integrated circuit. 

7. The integrated circuit and memory chip combination of 
claim 6, wherein the integrated circuit includes a first output 
buffer coupled to the output of the multiplexer and a second 
output buffer coupled to the output of the multiplexer, 
wherein the first output buffer is coupled to the clock input 
of the memory chip and the second output buffer is coupled 
to the clock input of the second memory chip. 

8. An integrated clock Supply chip for a memory module 
comprising: 

a clock signal input for application of a first clock signal 
and a clock signal output; 

a phase locked loop that, on the input side, is coupled to 
the clock signal input, the phase locked loop generating 
a second clock signal; 

a multiplexer for Switching the clock signal output 
between the first clock signal and the second clock 
signal in response to a control signal; and 

a frequency monitor with an input side coupled to the 
clock signal input, the frequency monitor for compar 
ing the frequency of the first clock signal to a selected 
limiting frequency and for providing said control signal 
to said multiplexer to switch the first clock signal to the 
clock signal output if the frequency of said first clock 
signal is less than said selected limiting frequency and 
to Switch the second clock signal to said clock signal 
output if the frequency of said first clock signal is 
greater than said selected limiting frequency. 

9. The integrated clock supply chip as claimed in claim 8. 
and further comprising an output driver coupled downstream 
of the multiplexer. 

10. An integrated circuit comprising: 
a clock signal input node: 
a phase locked loop with an input coupled to the clock 

signal node, 
a multiplexer having a first input and a second input, the 

first input being coupled to an output of the phase 
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locked loop and the second input being coupled to the 
clock signal input node; and 

a frequency comparator with an input coupled to the clock 
signal node, the frequency comparator configured to 
receive a clock signal from the clock signal input node 
and generate a select signal that has a first value if the 
clock signal has a frequency less than a reference 
frequency and a second value if the clock signal has a 
frequency greater than the reference frequency, the 
frequency comparator further including an output car 
rying the select signal and being coupled to a control 
input of the multiplexer; 

wherein the multiplexer includes an output that outputs 
the clock signal when the select signal has the first 
value and outputs a phase-locked version of the clock 
signal when the select signal has the second value. 

11. The integrated circuit of claim 10, wherein the refer 
ence frequency is about 93 MHz. 

12. The integrated circuit of claim 10, further comprising 
an output driver coupled to the output of the multiplexer. 

13. The integrated circuit of claim 10 in combination with 
a memory chip, wherein the integrated circuit and the 
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memory chip are mounted on a board, and wherein the 
output of the multiplexer is coupled to a clock input of the 
memory chip. 

14. The integrated circuit of claim 10, further comprising 
a first output driver coupled to the output of the multiplexer 
and a second output driver coupled to the output of the 
multiplexer. 

15. The integrated circuit of claim 14 in combination with 
a first memory chip and a second memory chip, wherein the 
integrated circuit, the first memory chip and the second 
memory chip are mounted on a board, and wherein the first 
memory chip includes a clock input coupled to the first 
output driver and the second memory chip includes a clock 
input coupled to the second output driver. 

16. The combination of claim 15, wherein the integrated 
circuit, the first memory chip and the second memory chip 
are part of a dual inline memory module. 


